Introduction.
In this paper we always fix an odd prime p > 2. For n ≥ 1, fix a p n th primitive root of unity ζ p n such that ζ But ψ k is an analytic function of k, so the derivative exists. This phenomenon in which the zero is forced by Euler factor is called trivial zero problem. Ferrero and Greenberg [4] considered the trivial zero problem for the first time in 1978 and found that the derivative has deep arithmetic meaning. The behavior of the derivative of some KubotaLeopoldt p-adic L-function with trivial zero has a deep relation with some arithmetic Iwasawa module (see [6] ). The second such trivial zero phenomenon was found by Mazur et al. in [8] , and then they conjectured that the derivative has a relation with Linvariant. This conjecture was proved by Greenberg and Stevens in 1993 (see [7] ). The function ψ k is very close to Coates-Wiles kth derivative (see Section 7); actually, it only differs by the factor (1−p k−1 ), and was called Coates-Wiles homomorphism in de Shalit [3] . The question to find the derivative at k = 1 of ψ k was proposed by Glenn Stevens in 1997. Simultaneously, we also tried to understand how the Bloch-Kato exponential map exp Qp (1) can miss the Kummer class γ p . Glenn Stevens predicted that the derivative of ψ k at 1 will give the Kummer class γ p . We will prove this in this paper. Let C p denote the completion ofQ p . For a field K ⊂ C p , let O K denote the ring of integers. Choose Iwasawa's log : C × p → C p such that log(p) = 0. In Section 2, we will review Fontaine's rings briefly and describe Bloch-Kato exponential map. In Section 3, we will define distributions and explain cohomology groups as Iwasawa module. In Section 4, we will introduce algebraic Fourier transformation and use Coleman power series to give some special distributions. In Section 5, we will review Perrin-Riou and Colmez theorems. In Section 6, we will show that Iwasawa's explicit reciprocity law is actually a special case of Perrin-Riou's theorem. In Section 7, we use the theory we developed so far to prove our theorem. where the transition maps are given by x → x p . The ring is a perfect ring with characteristic p > 0 (see [5] ). For x ∈ , x = (x n ) n∈N 
Fontaine's rings and
On the other hand, if we have a sequence (
then (x (m) ) m∈N is an element in . Hence, is in one-to-one correspondence with the set
where v is the valuation of C p such that v(p) = 1. The ring is complete with respect to v . Let W () denote the Witt vector ring of . Recall that the underlying set of W () is the set
The ring structure is given in terms of Witt polynomials (see [10] ). SinceŌ is anF p -algebra,
we have the identity 
where ϕ is the Frobenius of B dR which is induced by the one from .
Q p -vector space, with a Frobenius action (acts on V trivially) [5] . The operator D dR has a filtration given by Fil
The dimensions have the following relation: 
taking the Galois cohomology, we have a map
Then the Bloch-Kato exponential map
is defined as the composition
14) Proof. In the exact sequence (1) ). Note that for k = 1, the left-hand side has dimension 1 and the righthand side has dimension 2, so the image is a one-dimensional vector space, and γ p is not in the image. In this paper, we will show that the "derivative of Bloch-Kato map" is essentially γ p . To be a little bit more precise, we need the following definitions.
and there is an obvious inclusion Z ⊂ ᐄ. 
is said to be an analytic family if there is a cocycle
Now, we can go back to answer the question on γ p . In Section 7, we will show that
In other words, γ p appears in the first coefficient of the "Taylor expansion" of Bloch-Kato exponential map.
Distributions and Iwasawa module. Let I ⊂ Z be a subset and let LP
is defined with respect to these test functions. Especially, we have Ᏸ 
is r -bounded. A distribution with order r is also called an r -admissible distribution.
µ has order r if and only if for all
is r -bounded.
If V is a crystalline representation of G Qp , we have a twist map
which sends µ to (−tx)µ.
If A is a Dieudonne module, then ϕ can act on it, hence both ϕ and ϕ Ᏸ can act on
Lemma 3.5. The twist map T w induces a map
Now, we calculate the image. If ν = T w(µ) = (−tx)µ, then from the Colman-Colmez exact sequence [2] , we have
On the other hand, if ν satisfies
The statement about cokernel follows immediately.
, where the transition maps are given by the above twist map. Proof. Assume that µ has order r with r ∈ R, then there is a constant C > 0 such that for all j ≥ 0,
. If r ∉ R, then we take that C = C n tends to zero. If µ has order r , by using the expansion
, this proves the lemma. 
−n · y with some n ∈ N and y ∈ Z p , define ε x := ε y n ∈ . Obviously, this is well defined, and we get an element
ε(x) has the following properties:
is a p n th root of unity, ε(x) = 1 if and only
(ii) it follows that
If f is a locally constant function with compact support in Q p , define
where 
Proof. The properties follow easily from the definitions. For h ∈ Z, define the twist for Ᏺ alg as
where f ∈ LP [1−h,+∞) , then we have
Now, we define the algebraic Fourier transformation on distributions as follows. For 
The property (ii) of the Coleman power series implies that logg β (T ) has integral coef-
is a measure and its Amice transformation is logg β • η(T ).
(
Φ=1 and has the following Galois property:
Proof. It is easy to see that
By property (ii),
, we see that
taking logarithm, and using the definition for µ β , we have
Hence,
is a measure. To prove the second property, since
by comparing the values at T n = ζ p n − 1, we can show that
From this property, we see that 
Perrin-Riou and Colmez theorems. Let
K n = Q p (ζ p n ) and K ∞ = ∪ n≥1 K n . Let Γ = Gal(K ∞ /Q p ), χ : Γ Z × p be the cyclotomic character. For x ∈ K ∞ and n ∈ N, define T n (x) = (1/p m )Tr Km/Kn (x) for m 1.
⊗ D(V ). Then it is known that D(V ) has a Frobenius endomorphism and a filtration which we denote by Fil i D(V ). This filtration
is decreasing, separated, and exhausted. That is,
then Perrin-Riou and Colmez proved that the image is fixed by G Qp , and the Perrin-Riou exponential map Exp h,V is defined as the composition of the following maps:
where the last map is the connecting map of the following exact sequence:
where the projective limit map is given by µ → (−tx)µ. Then Perrin-Riou [9] first proved the following theorem.
From Section 4, we know that for
is not tempered, so the miracle of this theorem is that Exp h,V sends tempered distribution to tempered distribution (not only algebraic distribution). Then Perrin-Riou gets the following theorem.
The significance of this theorem is that for k ∈ Z p , the left-hand side (hence the righthand side) gives an analytic family of cohomology classes in the sense of Section 3.
The ring Ᏸ 0 (Z × p , Q p ) has an action on both the distribution side Ᏸ
and the cohomology side
, then the action * (which is essentially induced by the map
(i) The action (5.7) commutes with the action Φ, hence induces an action on
Φ=1 , and it sends tempered distributions to tempered distributions.
(ii) The action (5.8) 
commutes with the Galois action, hence it is well defined on
H 1 (Q p , Ᏸ I alg (Z × p ,
V )). (iii) The map Exp h,V is sesquilinear with respect to these actions, that is,
where √ is induced by x → x −1 and defined to be
Proof. These follow from the definitions.
For the "negative" power, Colmez proved the following theorem.
Theorem 5.4 (Colmez) .
Remark 5.5. Colmez [2] proved Theorem 5.4, for k 1; we will prove the statement for k ≥ h in another paper [11] ; this can also be found in [12] . From his proof, we can get the following theorem.
Proof. Choose r ∈ N large enough such that
by using [2, the formula in II.2.1], we get
and the theorem follows from the condition Φ(µ) = µ.
The significance of these two theorems is that for k 1, (exp * V (−k) ) −1 gives rise to an analytic family of cohomology. Theorems 5.4 and 5.6 are called explicit reciprocity law.
To get the symmetric form of the explicit reciprocity law, one defines the following pairing:
The pairing in the cohomology side is defined as
Proof. (i) and (ii) are just from definitions, which can also be found in Colmez [2] . For (iii), we have Remark 6.5. Lemma 6.4(iv) can be interpreted as a completion of the theory of Coleman power series. Namely, µ p is the distribution whose Amice transformation is log(T ) in the sense that xµ p corresponds to D log(T ). 
Mathematical Problems in Engineering
Special Issue on Time-Dependent Billiards
Call for Papers
This subject has been extensively studied in the past years for one-, two-, and three-dimensional space. Additionally, such dynamical systems can exhibit a very important and still unexplained phenomenon, called as the Fermi acceleration phenomenon. Basically, the phenomenon of Fermi acceleration (FA) is a process in which a classical particle can acquire unbounded energy from collisions with a heavy moving wall. This phenomenon was originally proposed by Enrico Fermi in 1949 as a possible explanation of the origin of the large energies of the cosmic particles. His original model was then modified and considered under different approaches and using many versions. Moreover, applications of FA have been of a large broad interest in many different fields of science including plasma physics, astrophysics, atomic physics, optics, and time-dependent billiard problems and they are useful for controlling chaos in Engineering and dynamical systems exhibiting chaos (both conservative and dissipative chaos). We intend to publish in this special issue papers reporting research on time-dependent billiards. The topic includes both conservative and dissipative dynamics. Papers discussing dynamical properties, statistical and mathematical results, stability investigation of the phase space structure, the phenomenon of Fermi acceleration, conditions for having suppression of Fermi acceleration, and computational and numerical methods for exploring these structures and applications are welcome.
To be acceptable for publication in the special issue of Mathematical Problems in Engineering, papers must make significant, original, and correct contributions to one or more of the topics above mentioned. Mathematical papers regarding the topics above are also welcome.
Authors should follow the Mathematical Problems in Engineering manuscript format described at http://www .hindawi.com/journals/mpe/. Prospective authors should submit an electronic copy of their complete manuscript through the journal Manuscript Tracking System at http:// mts.hindawi.com/ according to the following timetable:
Manuscript Due December 1, 2008
First Round of Reviews March 1, 2009 
